Using three years of the Journal Citation Reports (2011, 2012, and 2013), indicators of change are developed involving only changes of more than one standard deviation above average. Two forms of change are distinguished: monotonic increases or decreases of citation intensity (cited or citing) and critical revisions of the a posteriori (2013) prediction in 2012 on the basis of 2011 data. Changes can be studied at the level of journals using the margin totals of entropy production along the row or column vectors, but also at the level of links among groups of journals by importing the transition matrices into network analysis and visualization programs (and using community-finding algorithms). The latter analysis improves on the former by being more fine-grained. Changes are found in the giant component representing the major disciplinary structures; and significant changes at the level of specialties are indicated in 52 components which are mostly on the applied side of the sciences and engineering.
Introduction
I return in this study to a research question that has fascinated me for decades: is it possible to use the aggregated journal-journal citation data that are annually provided by the Journal Citation Reports (JCR) of the Science Citation Index for indicating structural change in the sciences at the systems level? In other words, can new journals or emerging networks among journals be indicated as structural change? Can the stability in the database among a majority of the journals be used as a baseline (Studer & Chubin, 1980, at p. 269) ? Can structural changes in fields and specialties be distinguished from uncertainty and fluctuations in this data?
Figure 1: Emergence of a journal cluster for "Occupational Hygiene" during the 1970s. Source: Leydesdorff, 1986, p. 114. Using hardcopy of JCR during the 1970s, Leydesdorff (1986, at p. 114) provided Figure 1 as an illustration of the effect of the introduction of a new journal OH2-that is, the Scandinavian Journal of Work, Environment and Health-to the JCR in 1978 . This analysis was designed to answer a question raised by Leydesdorff & Zeldenrust (1984) about the influence of the trade unions on the development of science and technology. The new journal was deliberately launched in 1975 by the Swedish trade unions in order to change the orientation of the specialty of "occupational hygiene" (Leydesdorff & Van den Besselaar, 1987) . fields of science with a prior record of citations before being admitted to JCR with sometimes a delay (Leydesdorff, 1994) .
In Leydesdorff (2002a) , thereupon I turned to Kostoff et al.'s (1997) suggestion to use "tomography" in order to determine the "heat" of the database at specific spots. "Heat" can be operationalized in information-theoretical terms as the generation of entropy. Probabilistic entropy can be measured in JCR data, for example, by comparing different years in terms of "hot spots" of change versus relatively cold areas of continuous development (Callon, 1998) . Using JCR 1999 versus 1998 data, Leydesdorff (2002a) I return to this research question for several reasons:
1. The possibility of comprehensive mapping of the journal structure in JCR data since Boyack et al. (2005) , de Moya-Anegón et al. (2007) , and Leydesdorff & Rafols (2012) . Klavans & Boyack (2009) signaled an emerging consensus among these mapmakers about the (multi-dimensional) organization of the sciences. Using VOSviewer , 2 Leydesdorff, Rafols, & Chen (2013) provided the possibility of projecting document sets in terms of their journal composition onto a base map of science for 2012 (Chen & Leydesdorff, 2014 Unlike the previous study (Leydesdorff, 2002a) , three years are used instead of two. Change between two years may be incidental-for example, in the case of special issues of the journalbut data for three (or more) years enable us to focus on monotonic increase or decrease using at least two time intervals. Furthermore, Leydesdorff (1991) 
Methodology

Data
As noted, the study is based on data from the Journal Citation Reports 2011 Reports , 2012 Reports , 2013 of the Science Citation Index (SCI) provided by Thomson Reuters (TR) at the Web-of-Science (WoS).
This journal set contained 8,336 journals in 2011; 8,471 in 2012; and 8,539 in 2013 (Table 1 ).
Note that the JCR data of the Social Science Citation Index were not included, because one can expect the dynamics in the social sciences to be different from those in the natural sciences. The files were first organized using dedicated (legacy) software in the dBase format for each year separately. TR also provides lists of name changes (including mergers) between years. For the purpose of this project, the three years of data were reorganized so that the sequence numbers are the same for each year. In the case of name changes, the 2013 (that is, most recent) names are used throughout the study. In each year, the data is organized as an edge list that can conveniently be exported to the Pajek format. When both old and new names are cited, the numbers of citations are aggregated under the most recent name. "Citing" is the running variable, whereas "cited" refers below to the archive as "total cites" in the respective year. & Leibler's (1953) divergence measures the generation of probabilistic entropy between two distributions-in this case, two different years. The algorithm can be derived from Shannon's (1948) information measures (Theil, 1972) , and is formulated as follows:
Methods
Kullback
In Eq. 1, I q|p is the expected information content of the message that the a priori probability distribution ∑ is changed into the a posteriori distribution ∑ . (This information is expressed in bits of information if two is used as the base of the logarithm.) The distributions under study can be extended to more dimensions (i, j, k, …) . In the case of citation matrices (cited versus citing), for example, each cell value is provided with two indices for rows and columns (i and j, respectively). Because of the sigma in Eq. 1, I q|p is fully decomposable. It can be shown that I q|p is necessarily positive, except for the case when ∑ = ∑ which leads to log(1) = 0 (Theil, 1972, pp. 59f.) . In that case, the a priori distribution provides a perfect prediction of the a posteriori one.
Using dedicated routines, we compute This analysis leads to three similarly structured transition matrices representing the transitions between 2011 and 2012, 2012 and 2013, and 2011 and 2013 , respectively, in bits of information.
All 8,781 journals occurring in any of the three years are included, but only journals present in 4 A possible disadvantage of normalization in terms of the grand total of the matrix might be that one is no longer able to specify between-group uncertainty ( 0 ) between (groups of) journals, using Theil's (1972: 20 ff.) decomposition algorithm of the entropy: = 0 + ∑ (Leydesdorff, 1991, pp. 316 ff.; Rosvall & Bergstrom, 2008) . However, this algorithm is defined for the static decomposition. See Theil (1972, pp. 61 ff.) for the dynamic decomposition.
more than a single year can be included in the computation of the entropy generation. Entropy values can be aggregated along the columns or rows, thus providing us with the contribution to the information change of each journal "citing" and "cited," respectively. One can thus distinguish between journals which are relative winners versus relative losers in terms of citedness or increases and decreases in citing intensity. Furthermore, we can use a scheme for "critical transitions" based on the concept of a revision of the prediction in an in-between year (Figure 2 ; Frenken & Leydesdorff, 2000, p. 335; Leydesdorff, 1991, pp. 333f.) . Theil (1972, at p. 77) showed that if the prediction of the a posteriori distribution by the a priori one is imperfect (I q|p > 0), it can be improved by an inbetween observation. This improvement of the prediction of the a posteriori probability distribution (∑ ) on the basis of an in-between probability distribution (∑ ′ ) compared with the original prediction (∑ ) can be formulated as follows: The information distance between the original sender (a priori) and the revision, however, is
In other words, a "critical transition" in terms of different pathways for the information can be distinguished from Theil's revision of the prediction of the a posteriori distribution. (p':p) , the pathway in Figure 2 via the in-between station provides a more efficient channel for the communication between sender and receiver than their direct link.
Contrary to the geometry of Figure 2 , the sum of the information distances via the intermediate year is shorter than the direct information path between the sender and the receiver. One can compare such an intermediate station with an auxiliary transmitter: in this case, the original signal is boosted at the auxiliary station, and the earlier history thus loses relevance. Technically, a negative entropy is generated, which indicates an evolutionary change as different from a historical sequence that always generates positive entropy (Leydesdorff, 2002b) .
For didactic reasons, let me first develop the argument (analogously to Leydesdorff, 2002a) for journals as the nodes of the citation network, but then extend it to the full matrices as representations of the links. The number of options for change is thus increased from N nodes to (Waltman et al., 2011; cf. Newman & Girvan, 2004) can be used for the visualization of critical changes in regions of the map.
In addition to visualizing these groupings, the results can also be projected onto the global journal map provided by Leydesdorff et al. (2013) and at http://www.leydesdorff.net/journals12.
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This global map provides us with a stable background to appreciate the changes in the networks at a glance; that is, at the portfolio level. In order to reduce noise, only the information values at one standard deviation or more from the mean values of the respective sets will be used throughout this study. Since the JCR of the Social Science Citation Index was not included in this study, the journals in this part of the database will be shown in the figures below as little dots in brown (at the bottom). In summary, citedness seems to accumulate in already major journals and prominent fields of scientific development. Can we consider this as a consequence of the Matthew effect at the level of journals (Larivière & Gingras, 2010) ? The losses in citedness are more evenly distributed across the journal set, and are significant only for a group of journals in organic chemistry. The analysis of changes in citedness at the level of journals thus did not provide us with an indicator of specific novelty.
Results
Journals (nodes)
Journals "citing"
Unlike citedness, which is a network characteristic, the patterns of aggregated citing behavior are generated by the publications in each journal itself. A change in citing patterns may indicate a change in the knowledge bases on which the publishing authors draw, but one cannot expect this reflection to indicate newness other than as reflexive behavior. Along the time axis, however, "citing" (columns) represents the current variable constituting the database in the year under study, whereas citation patterns along the cited rows represent also the longer-term archive (when citations are not limited by a citation window). Citing thus maps by definition the current year and may therefore be an earlier indicator of relevant change. Table 4 lists the top-ten journals that monotonically increased their citing across the database during the years 2011 to 2013 among the 36 journals which passed the threshold of one standard deviation. Nine journals decreased their citing presence in the database significantly and are listed in the right-hand column of the table. The strong presence of PLoS ONE among the "winners" indicates a new pattern of journal composition that draws on increasingly more knowledge bases than before. PLoS ONE is deliberately not a disciplinary journal.
The corresponding figure in VOSviewer can be web-started from http://www.vosviewer.com/vosviewer.php?map=http://www.leydesdorff.net/entropy15/citing.txt but is not shown here, because these results did not add to the argument.
Critical transitions
Thirty-three journals pass the threshold of more than one standard deviation below the mean value of critical transitions in the cited dimension. (As noted, we measure critical transitions as negative entropy.) In Figure 5 , these 33 journals are indicated in red, whereas the blue points indicate the 38 journals for which such a critical transition is indicated in the citing dimension (insofar as not indicated in red). In both dimensions, PLoS ONE leads with values much higher than other journals. In the cited dimension, the focus is (as in Figure 1 ) on the nano journals within the chemistry domain. Table 6 shows the Pearson (lower triangle) and Spearman rank-order correlations (upper triangle) between the transitions among matrices for different years, and the matrix with critical transitions for the 33 journals that showed such a transition (with more than one standard deviation) in the cited dimension. The correlations among these variables for all 875 journals that show a critical transition (among the 8,781) are not essentially different from the smaller subset of 33 journals that already provide us with highly significant correlations (Table 6 ). In our opinion, these large and significant correlations show that critical transitions at this level of journals insufficiently distinguish a new dimension of novelty from other developments in the database. This conclusion accords with the previous one of Leydesdorff (2002a) . 
Links between journals (at the cell level)
Can the further decomposition at the level of cells of the matrix teach us more? At the matrix level, one is not restricted to aggregation over rows and columns, but one can also study other aggregations or components. Journals can nevertheless be indicated in terms of, for example, their degree centrality in specific journal environments of networks of links representing critical transitions.
Of The map in Figure 6 is different from the global map: it is dominated by a triangle of bio-medical journals at the top (including PLoS ONE), a chemistry set at the bottom (e.g., RSC Advances), and mathematics, physics, and engineering journals to the right of the latter group. In other words, it is less specialty-and more discipline-oriented than the global map. Do the specialist journals perhaps contribute less to the critical transitions because the focus is more on reporting results of normal science at the research front? An alternative hypothesis would be that the editors of specialist journals are under less pressure to exhibit radical novelty and draw attention in the news. The 15 journals most central in terms of the number of links indicating critical transitions are listed in Table 7 . As noted, the traditional and large journals of science are dominant in addition to PLoS ONE. By projecting these 3,196 journals of the giant component onto the global map (with the clustering in terms of critical transitions used for the coloring), a cluster heat map can be generated in VOSviewer (Figure 7 ). Blondel et al., (2008) ; the logarithm of the degree is used for the normalization of the weights in VOSviewer. This map can be web-started at http://www.vosviewer.com/vosviewer.php?map=http://www.leydesdorff.net/entropy15/fig7.txt& label_size=0.78&view=3 . In summary, a large proportion of the journals (approximately 30%), including the leading ones, are involved in the network of critical transitions, and these journals represent also core sets of their disciplines. The mathematics & engineering and the chemistry sets are relatively more involved in critical transitions than in the global map of science, but the bio-medical sciences are also well represented. PLoS ONE is an outlier in this set, too.
Critical transitions outside the main stream of the sciences
As noted, 52 components including 114 journals are indicated outside the main stream of science as depicted in the previous paragraph. In our opinion, these 52 components can be considered as unexpectedly emerging hotspots at the specialty level. Figures 9 and 10 show these components first as isolated groupings and secondly projected onto the global map of science as a heat map.
The groups of three or more journals specifically may merit further attention (Table 8 ). 
Monotonic increases and decreases at the level of links
The cell values and the transitions among them provide us with yet another option; namely, to focus on monotonic increases and decreases during two time intervals in analogy to the analysis of journals above. When we restrict this to transitions which are both more than one standard deviation above or below the mean, respectively, the number of such transitions is relatively small: only 4,133 links qualify for monotonic increases given the threshold, and 3,269 for monotonic decreases. The networks of monotonically increasing and decreasing links connect 1,894 and 1,305 journals, respectively (Table 9 ). In Figure 11 , these (1,894 + 1,305 =) 3,199 journal are overlaid on top of the global map using two different colors: red ("hot") for the monotonically increasing networks and blue ("cold") for the monotonically decreasing ones. By choosing the Cluster Density View in VOSviewer, 5 one
can thus see at a glance in which areas the blue or red colors prevail. For example, the nanoscience region (discussed above as "hot") is now embedded in the blue area for chemistry. In other words, chemistry is not indicated as hot in this database, but psychology and operations research (insofar as these journals are included in the SCI), for example, are.
Conclusions and discussion
Using three most recent years of data, the objective of the current study was mainly methodological. Unlike the comparative statics used for optimizing the differences between different years (Leydesdorff & Schank, 2008) , entropy statistics provides a calculus (Bar-Hillel, 1955; Theil, 1972 ) that can be used for studying developments in two-(or even higher-)dimensional arrays of data (Leydesdorff, 1995) . JCR data provides us with matrices for each year that we harmonized into a three-dimensional array of 8,781 journals citing each other in each of the consecutive years. Other forms of entropy statistics such as Markov-chain models are also possible using this data (e.g., Leydesdorff, 1992; Leydesdorff & Oomes, 1999) .
In this study, we have taken a global or systems perspective (top-down), since all frequencies were normalized with reference to the grand sum of the matrix of 8,781 * 8,781 = 77,105,961 cells; of course, most of these cells (> 97%; see Table 1 ) are empty. However, low numbers specifically of single occurrences are sometimes summed under "All others" by the database producers, and these values were thus not included in the analysis. One can expect the effects of these omissions to be small in the analyses and results reported above. Table 1 ), only 137 (0.0%) have a cell value of one, as against 682,258 (29.7%) that have a cell value of two. As a rule the single occurrences are aggregated by TR under "All others".
Our first conclusion is that at the level of journals, we were not able to distinguish between newness in the cited patterns of established fields of science and emerging ones. The indicator (in mbits of information) in this case is aggregated over entire columns (citing) or rows (cited).
Although Leydesdorff (1991, at pp. 323 ff.) already suggested searching cliques and components other than rows or columns, the fast clustering of large numbers of links became available only more recently (e.g., Blondel et al., 2008; Newman & Girvan, 2004; Waltman et al., 2010; Waltman & Van Eck, 2013) .
Conceptually, the step from clustering nodes as carriers of the communication towards clustering links as representations of the communications seems a very important one to us (Klavans et al., 2009 ). In the dynamic analysis, the nodes and the links can be expected to co-evolve, but the links indicate the dynamics above the level of the journals as nodes (Callon & Latour, 1981; Leydesdorff, 2007) . Clusters of links, however, are algorithmic artifacts which require further labeling and validation (Rafols & Leydesdorff, 2009; Ruiz-Castillo & Waltman, 2015) . In this study, I indicated the clusters in terms of the nodes (that is, the journals) by using a communityfinding algorithm because our initial research question was about the emergence of new journals and journal groups indicating the emergence of new specialties, and thus more on the applied side. One should, however, consider the journal names as flags (called "actants" in the semiotic tradition; cf. Callon et al., 1986 ) that obtain meaning only within the context of the networks.
Given our threshold of at least one standard deviation from the mean, only a relatively small numbers of links (< 1%) indicated critical transitions. On the one hand, these transitions were indicated as a giant component in the major disciplinary structures of the sciences, more than at the level of newly emerging specialties. On the other hand, 52 components of two, three, or four journals were distinguished outside this main stream of science. 10 These 52 components point to the applied side of the sciences and engineering as sources of significant changes in citation patterns.
With this portfolio of significant changes in the data, we thus obtain a first answer to the original research question of signaling significant change in terms of this database and using the most recent year available. It would, however, go beyond the aim of this methodological study to validate these results in terms of their relevance for science and technology policies. In my opinion, the results are not so convincing as to encourage me to take the next step of upscaling to a period of ten years or more. Perhaps, the development of new methodologies is more promising than upscaling (De Nooy & Leydesdorff, in preparation).
The dynamics of science reflected in this data seem nowadays to be overshadowed by the (competitive) dynamics of journals, such as the emergence of interdisciplinary journals like PLoS ONE. I may have underestimated the internal (e.g., also commercial) dynamics of the textual layer mediating between the contexts of discovery and justification operating in the sciences.
